Introduction {#S1}
============

The transcription coactivator Mediator is a multi-protein complex that activates transcription of a number of nuclear hormone receptors and transcription factors ([@R20]; [@R21]) ([@R3]; [@R5]; [@R20]). We have previously identified Mediator as a binding protein complex for the vitamin D receptor (VDR), initially referred to as DRIP ([V]{.ul}D[R i]{.ul}nteracting [p]{.ul}rotein) ([@R26]; [@R30]). This complex was isolated from primary keratinocytes using GST-VDR affinity beads, and its multiple subunits were identified by mass spectrometry ([@R24]; [@R26]). The complex contained a critical subunit MED1 (also named DRIP205) ([@R25]; [@R30]; [@R41]; [@R42]))([@R40]) that directly binds to VDR to anchor the rest of the complex to facilitate transcriptional activation. Mediator also activates other nuclear hormone receptors or transcription factors such as peroxisome proliferator activated receptor (PPAR) ([@R40]), thyroid hormone receptor (TR) ([@R14]; [@R15]). Mediator also activates other transcription factors including the GATA family ([@R7]; [@R36]) and C/EBPβ.

Mediator has an important role in specific biological processes. We have previously shown that MED1 regulates keratinocyte proliferation and differentiation using cultured keratinocytes ([@R12]; [@R24]). Silencing of MED1 resulted in hyper-proliferation and decreased calcium induced keratinocyte differentiation ([@R24]). In contrast, steroid receptor coactivator 3 (SRC3), a member of the p160/SRC family does not affect keratinocyte proliferation but participated in the terminal differentiation process ([@R27]). Based on these observations, we hypothesized that Mediator has a critical role in epidermal homeostasis through temporal and spatial regulation to control keratinocyte proliferation and differentiation.

Here, we investigated the *in vivo* role of the Mediator in epidermal homeostasis. We generated a mouse model in which a critical subunit of the Mediator complex, MED1, is deleted from keratinocytes. Previously, MED1 conditional null mice revealed a role for MED1 in erythroid differentiation ([@R37]), liver degeneration ([@R23]), adipogenesis ([@R10]; [@R11]), mammary grand development ([@R17]), liver tumorigenesis (Matsumoto *et al.*), and glucose and energy metabolism (Chen *et al.*). However, the role of MED1 in skin has not previously been investigated. The skin contains different populations of keratinocytes in 1) interfollicular epidermis (IFE) and 2) hair follicle (HF). Morphogenesis and maintenance of IFE and HF are differentially regulated. The epidermis is maintained by proliferation of basal cells and their differentiation into suprabasal cells. The HF undergoes a perpetual cycle of growth and regression. In the mouse, all the HFs synchronously enter a cycle of growth (anagen) after birth, and go through a regression phase (catagen) that leads to the quiescent stage (telogen). In mice with melanin in the hair shaft, melanogenesis is coupled to anagen ([@R34]; [@R35]). The initial cycle extends from the late stage embryo through P21 (morphogenic hair cycle) ([@R29]). Adult hair cycles involve longer telogens, resulting in less synchronous cycling (post-morphogenic cycle) ([@R29]).

*In vivo* the role of MED1 was investigated by using a mouse model, in which the expression of the MED1 is deleted from their keratinocytes. MED1 deletion resulted in abnormalities in hair differentiation and cycling leading to hair loss. The mRNA expression of various components of signaling pathways involved in hair progression and differentiation was also evaluated. Wnt/β-catenin signaling has a major role in HF morphogenesis and regeneration ([@R2]; [@R13]). VDR induces transcription of hair differentiation genes through the Wnt/β-catenin signaling pathway ([@R28]). Several genes including peptidyl arginine deiminase 1 (PADI1) and 3 (PADI3), tubulin Tubb3, calcium binding protein S100A3, homeo box gene Dlx3 were identified as such targets ([@R28]). The hedgehog (Hh) signaling pathway regulates keratinocyte proliferation and promotes HF progression during the adult hair cycle as well as morphogenic cycle ([@R2]). Hh pathway components Patch 1 and Patch 2 and Hh targets of oncogene glioma-associated oncogene homolog 1 (Gli 1) are regulated by VDR ([@R24]; [@R28]; [@R38]). Bone morphogenetic protein (BMP) signaling through BMP2, BMP4 and the BMP receptor 1a (BMPr1a) also has a critical role in hair differentiation ([@R4]; [@R33]). We explored several of these signaling pathways as to their regulation by MED1 in the current study.

Ablation of MED1 results in disrupted or aberrant hair differentiation and cycling leading to hair loss. On the other hand, markers of interfollicular epidermal differentiation increased. Our results indicate that the transcriptional coactivator MED1 has a unique function to maintain epidermal homeostasis *in vivo*.

Results {#S2}
=======

Keratinocyte specific MED1 knockout mice {#S3}
----------------------------------------

We generated conditional MED1 null mice using a Cre-lox system to specifically delete MED1 expression in keratinocytes. Floxed MED1 mice, in which two lox P sites were inserted into the introns upstream and downstream of exons 8, 9 and 10 of the MED1 gene (C57/BL6 background) ([@R16]) were bred with transgenic mice expressing Cre recombinase under the control of the Keratin 14 (K14) promoter (C57/BL6 background, Jackson Lab) ([Fig. 1A](#F1){ref-type="fig"}). Homozygous floxed mice with the Cre transgene (KO) were compared to control littermates that had floxed MED1 alleles but no Cre (CON). The recombination was detected in the whole skin as well as in epidermis and dermis containing the hair follicles ([Fig. 1B](#F1){ref-type="fig"}). However, excision was not detected in other tissues except small amounts in lung probably in bronchial epithelia expressing K14 ([Fig. 1B](#F1){ref-type="fig"}), confirming tissue specific excision. A marked reduction in MED1 mRNA was seen in the epidermis of null mice ([Fig. 1D](#F1){ref-type="fig"}). Deletion of MED1 protein was shown by western analysis. A 200 kDa MED1 protein band was absent in keratinocytes separated from the null skin ([Fig. 1E](#F1){ref-type="fig"} KO). As MED1 is a nuclear protein, it was detected in the nuclear fraction but not in the cytoplasm ([Fig. 1E](#F1){ref-type="fig"}). A different coactivator, SRC3, also involved in transcriptional regulation, was equally detected in both control and null keratinocytes. SRC3 is localized in both the nucleus and cytoplasm. The coactivator p300, VDR and SRC3 were also equally detected ([Fig. 1E](#F1){ref-type="fig"}). These results were confirmed by immuno-histochemistry. As shown in [Fig. 1F](#F1){ref-type="fig"}, MED1 was absent in keratinocytes in the null skin. In contrast, it was detected in keratinocytes of both IFE and HF the control skin at P17. These results demonstrate that both transcript and protein of MED1 were deleted from keratinocytes.

Disruption of the MED1 gene resulted in abnormalities in hair differentiation and cycling {#S4}
-----------------------------------------------------------------------------------------

The MED1 floxed mice with or without Cre transgene were born in the expected Mendelian ratios. The growth of the null mice was slightly retarded (10--30% smaller than control). The MED1 null mice did not show abnormalities in the appearance of the skin and hair at least through P12 (anagen). However, changes in their hair coats were first recognized at P17, at which point hair loss was visually observed in the skin of head and neck ([Fig. 2A](#F2){ref-type="fig"}). The hair density decreased in ventral skin ([Fig. 2B](#F2){ref-type="fig"}), and in dorsal skin as shown by hairs remaining on the depilation tapes after hairs were plucked ([Fig. 2C](#F2){ref-type="fig"}). Hair loss was relatively mild, but changes in hair coats were sufficient to distinguish them before PCR genotyping. Hair loss increased gradually with age ([Fig. 1C](#F1){ref-type="fig"}). As these animals were generated in the C57/BL6 background, skin pigmentation and epidermal thickness were correlated to hair follicle cycling and used as a tool to stage their hair cycle ([@R34]). Histological examination showed that null skin was normal in neonates (P3) (data not shown) to first anagen (P12) ([Fig. 2D](#F2){ref-type="fig"} P12). The control skin underwent catagen beginning at the head and moving caudally. Even by P17, the lower back showed late anagen morphology ([Fig. 2D](#F2){ref-type="fig"} P17 CON). In contrast, most of the null skin was pale pink macroscopically, and the hair follicles were in an advanced stage of the regression ([Fig. 2D](#F2){ref-type="fig"} P17 KO). The IFE was hyperplastic ([Fig. 2D](#F2){ref-type="fig"} P17 KO). Telogen at P21 was similar in KO and controls (data not shown).

Deletion of MED1 caused rapid regression of HFs in the morphogenic hair cycle {#S5}
-----------------------------------------------------------------------------

Proliferation and hair follicle differentiation were assessed at P17 ([Fig. 3](#F3){ref-type="fig"}). The control skin was in late anagen at P17 but HFs in KO were regressing ([Fig. 3A](#F3){ref-type="fig"}, enlarged images are shown in B). Hair bulbs containing PCNA positive cells were already lost ([Fig. 3A, B](#F3){ref-type="fig"} PCNA staining in brown), and hair shafts were thinner ([Fig. 3E](#F3){ref-type="fig"}) in the KO. Hair differentiation was assessed by hair keratin Ha1/KRT31 (Ha1). The Ha1 was highly expressed in the inner root sheath (IRS) in the control skin ([Fig. 3A, B](#F3){ref-type="fig"} Ha1staining in green), but absent in the null skin ([Fig. 3A, B](#F3){ref-type="fig"}). Hair differentiation was also evaluated by measuring the mRNA levels of hair keratins during synchronous hair follicle cycling (P3 to P21) by isolating RNA from [whole skin]{.ul}. Ha1 expression increased from P3 to P12 and remained high to P17, then sharply decreased by P21 ([Fig. 3C](#F3){ref-type="fig"} open *bar*) paralleling the activation and regression during hair cycling in the controls. However, MED1 null skin showed lower Ha1 levels during all the stages, most significantly at P17 ([Fig. 3C](#F3){ref-type="fig"} closed *bar*). Expression of other hair keratins, Ha2 and Krt2-16, were also decreased significantly at P17 ([Fig. 3D](#F3){ref-type="fig"}).

Deletion of MED1 increased epidermal differentiation markers {#S6}
------------------------------------------------------------

The expression of the early epidermal differentiation marker keratin 1 (K1), and late differentiation marker filaggrin (FLG) was evaluated at P17. The protein levels of both K1 ([Fig. 4A](#F4){ref-type="fig"} upper panels) and FLG (lower panels) increased in the null skin. The mRNA expression of K1 and FLG was highest at P3 and markedly decreased at P17 in the control skin ([Fig. 4B](#F4){ref-type="fig"} open *bar*). In contrast, their expressions were higher in KO compared to control at P3, P17 ([Fig. 4B](#F4){ref-type="fig"}) and 10 weeks ([Fig. 4C](#F4){ref-type="fig"}).

Ablation of MED1 increased keratinocyte proliferation {#S7}
-----------------------------------------------------

Keratinocyte proliferation in IFE was evaluated by PCNA staining and epidermal thickness. There is not a significant difference between null and control mice in the skin of neonates to P12 (data not shown). However, the null skin showed hyperplasia of IFE at P17 ([Fig. 2D](#F2){ref-type="fig"}), P25 ([Fig. 5B, C](#F5){ref-type="fig"}) and at 10 weeks ([Fig. 5G, H](#F5){ref-type="fig"}). These differences were quantified and shown to be significant at P17, P25 and 10 weeks ([Fig 4D, E](#F4){ref-type="fig"}, [Supplemental Table SIII](#SD1){ref-type="supplementary-material"}, [Fig. S1](#SD1){ref-type="supplementary-material"}).

The deletion of MED1 activated HF progression during the adult hair cycle {#S8}
-------------------------------------------------------------------------

At P25, the control skin was mostly in telogen ([Fig. 5D](#F5){ref-type="fig"} CON). In contrast, large areas of the null skin were now in anagen characterized by thicker epidermis ([Fig. 5](#F5){ref-type="fig"} A KO) and numerous PCNA positive cells in enlarged hair bulbs and the outer root sheath (ORS) (5D KO). However, hair shafts were thinner in KO ([Fig. 5D](#F5){ref-type="fig"} left two panels). At 6 weeks, control skin remained in prolonged telogen, and by 9--10 weeks, the entire back of control mice was pale pink (when shaved) indicating telogen ([Fig. 5E](#F5){ref-type="fig"}). In contrast, large areas of null skin were pigmented with epidermis thickening, indicating anagen stage VI ([Fig. 5E, F](#F5){ref-type="fig"}). At 6 month, the null skin was still in anagen even though hair loss progressed ([Fig. 1C](#F1){ref-type="fig"} left two panels) shown by pigmented anagen skin after hairs were shaved (1C right two panels). These changes were consistent within a litter (at least 3 mice per group) and between litters (2 or more at each time point).

The MED1 ablation resulted in abnormal hair follicle differentiation {#S9}
--------------------------------------------------------------------

Hair differentiation was assessed by Ha1 expression. The control skin did not express Ha1 in the telogen HF at 10 week ([Fig. 5](#F5){ref-type="fig"} I CON). In contrast, Ha1 was expressed in the IRS of the null skin ([Fig. 5](#F5){ref-type="fig"} I KO). However, Ha1 levels at 10 weeks (10W KO) when compared to those in normal anagen (P12 CON) indicated a reduction in Ha1 expression in the null HF at 10 weeks ([Fig. 5J](#F5){ref-type="fig"}). These results suggest that MED1 ablation activates HF progression, but terminal differentiation is defective.

MED1 deletion did not affect calcium metabolism {#S10}
-----------------------------------------------

We analyzed serum levels of calcium because of concern for hypocalcemia seen in VDR null mice, which may secondarily affect skin physiology. Serum levels of calcium were normal in MED1 null mice fed standard mouse chow ([Supplemental Table SI](#SD1){ref-type="supplementary-material"}).

Differential regulation of signaling pathways involved in HF progression and differentiation {#S11}
--------------------------------------------------------------------------------------------

RNA was isolated from whole skin of null and littermate control mice. The mRNA levels of genes known to be involved in HF progression and differentiation that we examined are listed in [Fig. 6](#F6){ref-type="fig"}. Their expression was measured at i) P12 when the null skin was in normal anagen; ii) P17 when the null HF was rapidly regressing; iii) 10 weeks when the HF was abnormally activated. Fold changes of null skin (KO) compared to control skin (CON) were calculated ([Fig. 6A](#F6){ref-type="fig"}). At P12, the expression of most genes was not significantly changed ([Fig. 6A](#F6){ref-type="fig"} P12 shown as black). At P17, the expression of hair differentiation genes such as PADI1, PADI3, S100A3, Tubb3, Dlx3 and hair keratins was dramatically decreased ([Fig. 6A](#F6){ref-type="fig"} P17 green). In contrast, the exression of all the genes examined increased at 10 weeks. Most significant increases were in Hh signaling ([Fig. 6A](#F6){ref-type="fig"} 10W, light red). At 10 weeks, Shh, PADI1, PADI3, S100A3, and hair keratins were undetectable in CON, but increased in the KO ([Fig 6A](#F6){ref-type="fig"} 10W, yellow (+) indicating that the mRNA levels were undetectable in CON but increased in KO preventing a calculation of the ratio). The mRNA levels of these genes in KO at 10 week (10W KO) were then compared to those in normal anagen (P12 CON) ([Fig. 6B](#F6){ref-type="fig"}). The expression of Shh, Patch1, and Gli1 was higher in the 10 week anagen of the KO compared to the P12 anagen of CON ([Fig. 6B](#F6){ref-type="fig"}). However, hair keratins were lower in the 10wk KO anagen than in the P12 CON anagen suggesting incomplete hair differentiation ([Fig. 6B](#F6){ref-type="fig"}). The BMP components, Lef1, PADI1, PADI3 were also lower. These results indicate that deletion of MED1 accelerates HF regression at P17, with a reduction in the expression of hair keratins and VDR/β-catenin target genes, whereas at 10 weeks, HF progression is activated and Hh pathway components are elevated but hair differentiation is incomplete.

Discussion {#S12}
==========

MED1 maintains hair differentiation through VDR/β-catenin during the morphogenic hair cycle {#S13}
-------------------------------------------------------------------------------------------

We suggest that MED1 may be involved in VDR regulated β-catenin signaling in hair follicle differentiation. Hair follicle genes such as PADI and S100A3, which decreased dramatically in MED1 null skin at P17, are regulated by VDR through vitamin D response elements (VDRE) adjacent or apart from Lef1/TCF sites in their promoters ([@R28]). Chromatin immuno-precipitation showed that β-catenin is specifically recruited to the VDRE sites in the promoters of these genes, where VDR and MED1 are expected to mediate transcription ([@R28]). These observations suggest that MED1 may cooperatively stimulate VDR transcription with β-catenin. VDR mutational analysis showed that VDR binds to both MED1 and β-catenin through activation domain 2 (AF-2), although different sites or structural requirements may be involved ([@R32]). Therefore, we postulate that MED1 may regulate hair follicle gene transcription through VDR and β-catenin. However, the precise mechanism(s) by which MED1 regulates hair follicle genes remains to be elucidated. The mode of action of MED1 need not be limited to its coactivator role for VDR. Although the timing at which HF cycling is initially disrupted in VDR null mice is comparable (P17) to that of MED1 null mice, the MED1 null mice do not generate abnormal hair follicle structures such as FLG expressing uticles and oil retaining dermal cysts seen in the VDR null mice ([@R1]). Thus, Mediator may partially work through VDR, but it is still possible that other nuclear receptors such as TR, PPAR, RAR and other transcription factors may be involved in MED1 regulation.

MED1 restrains the onset of anagen but promotes terminal differentiation during adult hair follicle cycling {#S14}
-----------------------------------------------------------------------------------------------------------

Deletion of MED1 resulted in accelerated and sustained activation of anagen in the post-morphogenic cycle. This differs from its action in the morphogenic cycle. Several mechanisms may be involved here. MED1 may suppress Hh signaling to maintain keratinocytes in quiescence and keep HFs in telogen. Our previous *in vitro* studies indicated that MED1 suppressed Gli1 expression, and silencing of MED1 caused hyper-proliferation of keratinocytes ([@R24]). These results are consistent with our *in vivo* results. Despite the accelerated cycling of HF into anagen, HF differentiation was incomplete in the null skin. In addition this failure may be due to a role of MED1 in promoting terminal differentiation through BMP signaling. BMP signaling is critical for hair shaft differentiation, and disturbed BMP signaling also causes hair loss with premature anagen similar to our MED1 null model ([@R19]; [@R31]). These potential mechanisms remain under investigation.

MED1 suppresses interfollicular epidermal differentiation and proliferation {#S15}
---------------------------------------------------------------------------

Deletion of MED1 resulted in increased expression of epidermal differentiation markers of K1 and FLG. These results are different from our previous *in vitro* data that showed that MED1 mediates calcium induced keratinocyte differentiation ([@R24]). However, the *in vivo* situation is clearly different. The skin possesses stem cells that can differentiate in three directions: HF, IFE, and sebaceous gland. Ablation of MED1 appears to shift differentiation away from the HF and toward the IFE lineage. A similar shift is observed in VDR null mice ([@R1]). The epidermal marker FLG is over-expressed in hair follicles (utricles) as is caspase 14 in the IFE in VDR null skin ([@R1]). On the other hand, deletion of MED1 caused hyper-proliferation of keratinocytes in the epidermis, consistent to our *in vitro* results ([@R24]) and similar to that seen in the VDR null mouse skin. Increased proliferation of keratinocytes in IFE in the MED1 null skin may predispose to epidermal tumorigenesis as seen in the VDR null mouse model ([@R9]; [@R39]; [@R43]).

MED1 is involved in cell type or stage specific regulation in keratinocyte proliferation and differentiation {#S16}
------------------------------------------------------------------------------------------------------------

Our studies reveal the temporal and spatial specific role of MED1, supporting our previous hypothesis that MED1 is a key molecule mediating cell or stage specific transcriptional regulation and control of proliferation and differentiation ([@R26]). Since then, other studies also supported our concept in various differentiation systems. The MED1 regulates myotube differentiation through specific gene regulation at specific cells ([@R8]). It controls erythroid differentiation but not lymphoid differentiation ([@R37]). Transgenic mutant target-in MED1 (LxxLL) mice showed its role in luminal cell differentiation but not in other mammary epithelial cells ([@R18]). These phenotypes were not necessarily parallel to those of partner molecules, indicating that Mediator has unique multiple functions. Further research will likely identify other genes and signaling pathways that it regulates.

Here, we demonstrated a critical role for MED1 in hair/epidermal proliferation, differentiation and cycling using an *in vivo* mouse model. These studies further increase our understanding of the function of MED1 and provide a model to identify potential therapeutics to treat diseases such as alopecia where hair development is disturbed, or hyper-proliferative skin diseases where proliferation is perturbed.

Materials and Methods {#S17}
=====================

Generation and genotyping of conditional MED1 null nice {#S18}
-------------------------------------------------------

To delete the expression of MED1 from keratinocytes, floxed MED1 null mice (originally named as floxed PBP) were mated with transgenic mice expressing *Cre* recombinase under the control of the K14 promoter (The Jackson Laboratory, C57/BL6 background).

Histological analysis and K1/FLG immunostaining {#S19}
-----------------------------------------------

The lower portion of the dorsal skin was excised from the MED1 null and their littermate control mice. K1 and FLG were detected by immuno-staining using primary antibodies against K1 (1:1000) and FLG (1:500), and signals were detected using ImmunoCruz rabbit^™^ LSAB Staining System (sc-2051, Santa Cruz Biotechnology).

Evaluation of keratinocyte proliferation {#S20}
----------------------------------------

Proliferative keratinocytes were quantitatively evaluated by both PCNA staining and epidermal thickness using the image software Bioquant. The dorsal skin sections of MED1 null and littermate control mice (n=3) were stained using the PCNA staining kit (93--1143, Invitrogen, Carlsbad, CA) at various stages.

Hair keratin Immunofluorescence {#S21}
-------------------------------

Paraffin embedded skin sections were incubated with primary antibodies against Ha1 (Progen, made in guinea pig 1:1000) and K14 (Covance, made in rabbit 1:4000), and subsequently incubated with secondary antibodies, Alexa 594 (red) conjugated anti rabbit IgG and Alexa 488 (green) conjugated anti guinea pig IgG (10 mg/ml), and counterstained with DAPI.

Measurement of mRNA expression by RT-QPCR {#S22}
-----------------------------------------

Total RNA was isolated from whole skin excised from the lower dorsal part of the null mice skin and from equivalent regions of skin from their littermate controls. cDNA synthesis and real time PCR were performed as described in the [supplement](#SD1){ref-type="supplementary-material"}. Primer sequences for QPCR are shown in [supplement Table SII](#SD1){ref-type="supplementary-material"}.

Details of these methods are provided in the [supplemental information](#SD1){ref-type="supplementary-material"}.
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======================

We thank Sandra Huling at Imaging Core Facility of Northern California Institute of Research Education for histological analyses, and Chak K. Fong for image analysis and technical assistance. We are also grateful to Chia-Ling Tu, Zhongjian Xie, Yoshikazu Uchida, and Peter Elias for their support and discussion. This work was supported by NIH grants R01 AR050023 (D. D. B) and DK083163 (J.K.R.).

MED

:   Mediator

DRIP

:   Vitamin D receptor interacting protein

VDR

:   vitamin D receptor

SRC

:   steroid receptor coactivator

K1

:   keratin 1

K10

:   keratin 10

K14

:   keratin 14

FLG

:   filaggrin

Ha1

:   hair keratin Ha1/KRT31

PADI

:   peptidyl arginine deiminase

Hh

:   hedgehog

Gli 1

:   glioma-associated oncogene homolog

HF

:   hair follicles

IFE

:   interfollicular epidermis

IRS

:   inner root sheath

ORS

:   outer root sheath

BMP

:   bone morphogenetic protein

TGF

:   transforming growth factor

FGF

:   fibroblast growth factor

P

:   postnatal

PPAR

:   peroxisome proliferator activated receptor

TR

:   thyroid receptor

![Generation of conditional MED1 null mice\
(A) The gene-targeting strategy to delete the MED1 from keratinocytes by using Cre-loxP system is illustrated. (B) Tissue specific excision of exons (8--10) was detected by PCR amplifying \~1.5kb cDNA fragments (arrow) from genomic DNA isolated from various tissues of null mice (KO) and control littermate mice (CON). (C) The MED1 null mice showed hair loss at [6]{.ul} months. Right two panels show mice in which the left side of the back is shaved to grossly assess anagen in the same mouse in which the quality of the hair coat on the right (unshaved) side is shown. (D) The mRNA expression of MED1 was reduced in the null skin. (E) A 205 kDa MED1 protein was absent from the nuclear extracts of null keratinocytes compared to control keratinocytes (taken from 3 mice each) (F) Decreased expression of the MED1 in the skin is shown by immuno-histochemistry at P17 (n=3, representative image). *Bar*=200 μm](nihms339638f1){#F1}

![Deletion of MED1 resulted in hair loss\
(A) Hair loss in the head and neck of MED1 null mice (KO) and controls (CON) at P17 is depicted. (B) Hair profiles of KO and CON in ventral skins at 4 wk are shown. (C) Decreased hair density in dorsal skins is shown. (D) Histological assessment of the null skin of CON and KO at P12 and P17 (HE staining) is depicted. Mildly thickened epidermis (enlarged images of boxed area of P17) and hyper-proliferation of IEF at P17 (PCNA staining, bottom panels) are shown. Greater regression of HF in KO at P17 is shown (red box). Representative images from 3 KO and 3 CON are shown. Reproducibility was confirmed in two litters of null mice. *Bar*=200 μm](nihms339638f2){#F2}

![Ablation of MED1 decreased hair differentiation at P17\
(A) PCNA staining of the lower dorsal skin from null mice (KO) and littermate controls (CON) at P17 is shown: brown PCNA signals with blue counter staining. Hair differentiation is illustrated by Ha1 (green) with DAPI (blue) to mark the nuclei. *Bar* = 200 μm (B) Representative images from 3 mice are shown. (C) The mRNA levels of Ha1 in P3 to P21 are plotted as % expression of GAPDH of KO (closed *bar*) and CON (open *bar*). (D) The mRNA expression of other hair keratins at P17 is shown. Statistical significance evaluated by t-test (\*p values \<0.01 or \<0.05) is shown with asterisks (n=3). The experiments were repeated to confirm reproducibility with two litters.](nihms339638f3){#F3}

![Epidermal differentiation and proliferation increased upon the deletion of MED1\
(A) Expression of K1 (upper panels) and FLG (lower panels) in the null skin (KO) and littermate control (CON) at P17 is shown. *Bar*=200 μm. (B, C) The relative expression of K1 and FLG (% expression of GAPDH) was evaluated in the null skin (closed *bar*) and the controls (open *bar*) at P3, P17 (B) and at 10 weeks (C). Proliferation of IFE was quantitatively evaluated by counting PCNA positive cells per mm skin (D) and by epidermal thickness (E) at P17 ([Fig. 2D](#F2){ref-type="fig"}), P25 ([Fig. 5B](#F5){ref-type="fig"}), and at 10 weeks ([Fig. 5H](#F5){ref-type="fig"}). Details of the image analysis are shown in [Supplement Table SIII](#SD1){ref-type="supplementary-material"} and [Fig. S1](#SD1){ref-type="supplementary-material"}. Statistical significance was evaluated by t-test (\*p values \<0.01 or \<0.05, n=3).](nihms339638f4){#F4}

![MED1 ablation resulted in abnormal HF anagen activation in the adult hair follicle cycle\
(A) Histological analyses at P25 are shown. (B--D) Brown PCNA staining with no counter staining is shown. Enlarged images of IFE (C) and HF (D) are shown. (E) Pigmentation of the null skin at 9 weeks in mice (E, upper panels, after hair was shaved) and in excised skins (E, lower panels) is shown. (F--J) Histological analyses were performed at 10 weeks: (F) HE staining (G, H), brown PCNA with blue counter staining, and enlarged images of IFE (H), (I, J) Ha1 staining (green) with counter-staining of K14 (red) and DAPI (blue), (J) Ha1 staining of KO at 10 weeks (J, right 10W KO) and CON at P12 (J, left P12 WT). These figures are representative images of multiple analyses (n=2--3). *Bar*=200 μm](nihms339638f5){#F5}

![Signaling pathways impacted by the deletion of MED1\
(A) Expression profiling of signaling pathways at different stages (P12, P17 and 10 week (10W)) was performed. The mRNA levels of the genes listed relative to control GAPDH were measured by RT-QPCR. Fold changes of MED1 null skin compared to littermate control skin are shown (n=3--6). Statistically significant increases (red and yellow) and decreases (green), or no difference (black) are shown. (B) Gene expression comparing anagen in the KO at 10 weeks to normal anagen at P12 are shown. Fold changes of the KO (10 weeks) compared to the CON at P12 are shown.](nihms339638f6){#F6}
